To examine the effect of dietary restraint during and following pegylated recombinant leptin (PEG-OB protein) treatment in overweight men. DESIGN: A randomized double-blind placebo-controlled trial in 24 overweight men (BMI: 28.870.3 kg/m 2 ; age: 34.870.9 y). PEG-OB protein (80 mg) or placebo was administered subcutaneously weekly for 6 weeks, combined with a 2.1 MJ/day energy restriction program. Dietary restraint was determined by the Three-Factor Eating Questionnaire before and after treatment, and after 8 weeks follow-up. RESULTS: During treatment dietary restraint increased, and general hunger, resting energy expenditure and respiratory quotient decreased similarly in the PEG-OB and the placebo group. With PEG-OB treatment, additional weight loss (Po0.03) was observed. During 8 weeks follow-up, body weight increase was larger in the PEG-OB group compared to placebo (Po0.05), and body weight regain was faster. Body weight regain was inversely correlated with the increase in cognitive dietary restraint during treatment (PEG-OB group: r 2 ¼ 0.49, Po0.02; placebo group: r 2 ¼ 0.60, P ¼ 0.01). CONCLUSION: Although treatment with PEG-OB protein led to a greater body weight loss relative to placebo, weight maintenance thereafter was mainly supported by dietary restraint, which was more effective in the placebo-treated group, resulting in a slower regain of body weight.
Introduction
In many Western European countries and in the USA, the prevalence of overweight and obesity has increased over the last few decades. 1 Obesity is associated with a relatively high rate of morbidity and early mortality if it remains untreated. [2] [3] [4] [5] Commonly used weight control methods such as diet and exercise 6 as well as pharmacological approaches 7 often are successful in the short term, but in the long term an increased risk of body weight regain resulting in weight cycling has been reported. 6, 8, 9 Thus, other treatments that may be effective in the long term are necessary.
In this respect, the identification of leptin (or OB-protein, a circulating protein hormone) following the positional cloning of the ob gene 10 as a possible energy balance regulator is of interest. Expression of the ob gene is present in, for example, adipose tissue and the placenta. 11 Leptin concentration in the serum changes in response to factors known to affect body weight. 11, 12 It has been demonstrated that blood levels of leptin correlated with percentages of body fat, and were elevated in obese individuals. 13 In spite of elevated concentrations of leptin, which should reduce food intake and body fat, obese subjects appear to be insensitive or resistant to leptin, and continue to maintain increased body fat. With weight reduction, obese subjects were reported to lower leptin concentrations, which increased again with weight regain.
In previous trials, significant dose-related reductions in body fat and body weight were observed following daily subcutaneous treatment with from 0.01 to 0.30 mg/kg recombinant human met-leptin for 24 weeks in obese subjects. 15 The treatment of a young obese girl with daily met-leptin caused a reduction in appetite, food-seeking behavior, food intake and body weight. 16 In a previous study with administration of 20 mg/week pegylated recombinant human leptin, we found that appetite in the postabsorptive state was reduced, but no difference in body mass loss or body composition compared to placebo treatment was demonstrated. 17 In that study, hunger (factor 3, Three-Factor Eating Questionnaire (TFEQ); Stunkard and Messick
18
) was reduced in the PEG-OB group and cognitive restraint (factor 1, TFEQ) was increased in the placebo group during treatment.
In addition to physiological parameters, psychological parameters that play a role in the treatment of obesity have to be taken into account. Changes in attitude towards eating measured with the TFEQ following a weight reduction program have been observed in that these support weight maintenance. [19] [20] [21] [22] The TFEQ measures three factors relevant to human attitude towards eating; cognitive restraint, disinhibition and hunger. It is often seen that the cognitive restraint score increases during an energy restriction program, while the disinhibition and hunger scores decrease. [19] [20] [21] [22] The success of weight maintenance after a weight reduction program has been shown to be a function of increase in cognitive restraint during weight reduction. 20, 23 The relationship between dietary restraint and endogenous leptin levels has been studied in overweight women, but no significant correlation was found. 24, 25 To our knowledge, this relationship has not yet been investigated in overweight men. The question remains whether pharmacological treatment, that is, PEG-OB protein treatment, replaces or supports an increase of dietary restraint during treatment. Moreover, the effect of PEG-OB protein treatment on subsequent weight maintenance remains to be described. The aim of this study was to assess the role of dietary restraint during treatment with PEG-OB protein, and during the first period of weight maintenance thereafter.
Subjects and methods

Subjects
A total of 24 healthy overweight male volunteers (BMI: 25-32 kg/m 2 , age: 18-40 y) were recruited by an advertisement in a local newspaper. Subjects who were willing to participate in the study were screened medically. A written informed consent was obtained from all the participants. Screening included a detailed medical history, a physical examination, biochemical tests of renal, hepatic, metabolic and hematological function, 12-lead resting electrocardiogram and vital signs. Subjects were nonsmokers, had a stable body weight (o3 kg change) over the last 3 months and did not receive prescription medication. Subjects with a history of atopy or hypersensitivity to pegylated proteins were excluded from the study. The study was approved by the Medical Ethics Committee of the University of Maastricht.
Study design
This single-center trial had a prospective, randomized, double-blind and placebo-controlled group design. After screening, 24 subjects were enrolled. The study was divided into three phases: (a) baseline characterization; (b) PEG-OB or placebo treatment and a very low-energy diet (VLED) for 6 weeks and (c) follow-up for 8 weeks. Subjects were matched in a pairwise manner with respect to age, BMI, fasting serum leptin and insulin concentration. Subsequently, the subjects of the matched pair were randomly assigned either to the treatment or to the placebo group.
Phase a: baseline characterization. In the 2 weeks before the start of the diet and treatment period, baseline measurements were performed. These measurements consisted of body weight, body composition, serum levels of leptin, resting energy expenditure (REE), respiratory quotient (RQ) and attitude towards eating characterized using a Dutch translation of the TFEQ. 18, 26 All subjects were asked to maintain their body weight during the baseline period and their normal physical activity level throughout the study period.
Phase b: 6 weeks treatment. At the start of the treatment period (day 1), all subjects were prescribed a VLED for 6 weeks to induce a state of semistarvation. At the same time, treatment consisting of injections of either 80 mg PEG-OB (8 ml, 10 mg/ml) (provided by Hoffmann-La Roche Inc., Nutley, NJ, USA) or matching placebo (8 ml) was given subcutaneously in the para-umbilical region, once a week, during the VLED period. At the end of the 6-week treatment period, measurements of body weight, body composition, REE, RQ and attitude towards eating were performed again.
Phase c: 8 weeks follow-up. After week 6, the VLED and PEG-OB or placebo injections were stopped. After 4 and 8 weeks, body weight and attitude towards eating measurements were repeated. Safety was monitored throughout the study by documentation of adverse events, recording of vital signs, regular urine analysis and routine measurements of serum chemistry and blood cell counts. Standard clinical chemistry and blood cell counts were conducted at the certified central laboratory of the University Hospital Maastricht, The Netherlands.
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PEG-OB protein
Polyethylene glycols (PEG), expressed and purified from Escherichia coli, are amphophilic polymers of ethylene glycol with varying average molecular weights that can be activated and covalently attached to proteins. Modification of proteins with PEG has resulted in increased serum half-life and reduced immunogenicity to a number of proteins. 27, 28 The average molecular weight of branched PEG utilized is 42.000 Da in a 1 : 1 ratio. 29, 30 To name the administered substance in its original way, and to discriminate between the administered substance and endogenous leptin, we use 'PEG-OB protein' for the human recombinant pegylated administered and 'leptin' for the endogenous substance.
Diet
All subjects participated in the energy restriction program. During the first 6 weeks, subjects received a VLED (Modifast, Novartis Nutrition, Breda, The Netherlands). This diet provided 2.1 MJ/day (three servings/day) and was a proteinenriched formula diet, containing 50 g carbohydrates, 52 g protein, 7 g fat and a micronutrient content that meets the Dutch recommended daily allowance. From week 7 until week 10, subjects increased their energy intake gradually. They received less formula diet and were instructed to complete this with a free choice of food items. In weeks 7 and 8, subjects still received 1.4 MJ/day (two servings/day) of the formula diet. In weeks 9 and 10, they received 0.7 MJ/day (one serving/day).
Measurements
Body mass and body composition. Body weight was measured on a calibrated digital scale (Sauter D-7470, Ebingen, Germany) accurate to 0.1 kg and height was measured to the nearest 0.01 m using a wall mounted stadiometer (Seca, model 220, Hamburg, Germany). BMI was calculated from weight and height (kg/m 2 ). Body composition was determined after an overnight fast by using the combination of hydrodensitometry and deuterium dilution according to the Maastricht protocol. 31 Body composition was calculated according to the equations of Siri.
32
Serum leptin levels. Fasting blood samples for the measurement of serum concentrations of leptin were collected. Serum leptin concentrations were measured according to the method described previously. 33 Attitude towards eating. Attitude towards eating was characterized using a Dutch translation of the TFEQ. 18, 26 The first factor of the TFEQ (F1) measures cognitive restrained eating: control of food intake by thought and will power. The second factor (F2) represents disinhibition: an incidental inability to resist eating cues, or inhibition of dietary restraint (F1), and emotional eating. The third factor (F3) examines the subjective feeling of general hunger.
REE and substrate oxidation. REE and substrate oxidation were measured with the use of a ventilated hood after the subjects fasted overnight. After the subjects had been supine for 15 min, their oxygen consumption and carbon dioxide production were measured for 45 min by means of a computerized open-circuit ventilated hood system, similar to the analysis system described by Schoffelen et al. 34 
REE
and RQ were calculated according to the formulas of Weir.
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Statistical analysis Data are presented as means7standard error of the mean (s.e.m.). A factorial ANOVA was used to determine the possible difference between the PEG-OB and placebo group in all measured parameters. Possible differences of the variables over time between the groups were analyzed with a two-factor repeated-measures ANOVA. Post hoc analyses were performed with the Scheffe F-test. The possible relationships between the TFEQ scores, body weight loss and body weight regain were assessed by regression analysis. A P-value of o0.05 was regarded as statistically significant. Statistical procedures were performed by using Statview SE+ Graphics (Abacus Concepts, Berkeley, CA, USA, 1988).
Results
The baseline characteristics of the subjects randomized to each treatment group were similar. Two subjects of the placebo group dropped out voluntarily after 1 week because they were not able to maintain the VLED. Since this study was part of a greater study, part of the results have been published elsewhere. 36 Body weight, BMI, percentage body fat, fat-free mass and fat mass decreased significantly in both the groups (Table 1) . At the end of the treatment period, the mean weight loss was 14.670.8 kg in the PEG-OB group compared to 11.870.9 kg in the placebo group (P ¼ 0.027). BMI decreased more in the PEG-OB group compared to the placebo group (P ¼ 0.049). No significant differences between the two groups were found for the decrease in percentage body fat, fat-free mass and fat mass ( Table 1) . The REE and RQ significantly decreased in both the groups after 6 weeks treatment ( Table 1) . None of the changes in REE and RQ were significantly different between both the groups. The cognitive restraint score (factor 1, TFEQ) increased significantly in both the groups during the treatment period. The disinhibition score (factor 2, TFEQ) decreased significantly in the PEG-OB group, but did not reach significance in the placebo group. However, the decrease in disinhibition score during the treatment period in the placebo group was positively correlated with the body weight loss during treatment (r 2 ¼ 0.43, P ¼ 0.04). The hunger score (factor 3, TFEQ) decreased in both the groups. In the PEG-OB group, the decrease in hunger score during the 6 weeks of treatment was positively related to body weight loss during treatment (r 2 ¼ 0.56, Po0.01). No significant differences in changes in TFEQ scores were found between the two groups ( Table 1) . With respect to the serum leptin levels (Table 1) , no differences were found between the two groups (P ¼ 0.54) and no relationship was found between dietary restraint scores at the start of the treatment and serum leptin levels (P ¼ 0.91).
The PEG-OB group showed significant increases in body weight and BMI after 4 and 8 weeks follow-up, and also from 4 to 8 weeks follow-up (Table 2 ). In the placebo group, a significant increase in body weight and BMI was found only after 8 weeks follow-up (Table 2 ). Body weight increase was slower in the placebo group than in Table 1 Subject characteristics of the placebo and PEG-OB groups before and after 6 weeks of injections and VLED 
Discussion
The present study demonstrates that weight loss in both the groups (PEG-OB protein treated and placebo) was mainly supported by an increase in dietary restraint and a reduction in general hunger. However, additional weight loss in the PEG-OB group was due to the treatment of weekly subcutaneous injection of 80 mg PEG-OB protein. 36 Thus, results with respect to weight loss from comparable animal model studies 37, 38 and initial intervention studies in humans 15, 16 were reproduced in this study. 36 The additional weight loss in the PEG-OB group during treatment was probably not a metabolic effect, because the reduction in the resting metabolic rate was similar for both the groups. This is in line with results that we reported previously, where metabolic effects were measured by means of a respiration chamber and also no differences between groups were found. 17 Therefore, the additional weight loss can only be explained by a stronger reduction in food intake in the PEG-OB group compared to the placebo group. During the 6-week treatment, the subjects in both the groups were in a negative energy balance and appeared to be in compliance with the energy deficit creating dietary instructions. Compliance with the dietary instructions independent of treatment was indicated by the increases in dietary restraint scores during the energy restriction program. The relationship between the decrease in general hunger scores and body weight loss during treatment in the PEG-OB group under negative energy balance conditions is in line with the reduced food intake in rats after PEG-OB protein treatment, 37, 38 and with the observations on reduction of appetite as reported by Farooqi et al.
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With respect to serum leptin levels, in this study with overweight men no relationship was found between dietary restraint and endogenous leptin levels. This is in line with results found in overweight women. 24, 25 The rate of body weight regain (expressed as percentage of the weight loss) after 8 weeks follow-up was larger in the PEG-OB than in the placebo group. Since there was no relationship between body weight regain and weight loss, this was not due to the larger body weight loss. An explanation could be that the placebo group experienced a greater support from changes in dietary restraint and in general hunger for weight maintenance than the PEG-OB group did. After 4 weeks follow-up, no significant differences in the percentage body weight regain between both the groups were seen yet, which can be explained by the long-lasting effect of the PEG-OB injections.
Conclusion
Although treatment with PEG-OB protein led to a greater body weight loss relative to placebo, weight maintenance was not supported by this treatment. On the contrary, dietary restraint was more effective in the first period of weight maintenance in the placebo treated group, resulting in a slower regain of body weight. It might be that pharmacological (PEG-OB protein) treatment limits the change in lifestyle necessary for weight maintenance after weight loss. For weight maintenance after PEG-OB treatment, this treatment might have to be continued, perhaps with a lower dosage.
